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Abstract
We study the effect of heavy neutral Higgs bosons on the tt production process at photon linear
colliders. The interference patterns between the resonant Higgs production amplitudes and the contin-
uum QED amplitudes are examined. The patterns tell us not only the CP nature of the Higgs bosons
but also the phase of the γγ-Higgs vertex which gives new information about the Higgs couplings to
new charged particles.
1 Introduction
Although the standard model is consistent with the current experimental data, new physics will be in-
dispensable if we consider the hierarchy between the electroweak scale and the Planck scale, a failure of
the gauge coupling unification etc. as serious problems. The new physics may contribute significantly to
the Higgs production at photon colliders, especially through new charged particles, because neutral Higgs
bosons are produced as s-channel resonances via loops of charged massive particles. Then, the effects
appear in the γγ-Higgs vertex which generally has complex phase even without CP violation.
In this report, we study the interference patterns of the resonant and the continuum amplitudes for
the γγ → tt process by using the circularly polarized colliding photons [1]. It will be shown that these
interference effects allow us to observe the complex phase of the γγ-Higgs vertices, as has been shown in
WW and ZZ production processes [2].
1based on the work in collaboration with K. Hagiwara.Talk presented at SUSY 2003: Supersymmetry in the Desert , held
at the University of Arizona, Tucson, AZ, June 5-10, 2003. To appear in the Proceedings.
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2 Helicity amplitudes for the process γγ → tt
When the γγ collision energy reaches around the mass of a spinless boson φ (φ = H or A whereH and A are
the CP-even and CP-odd Higgs bosons respectively.), the helicity amplitudes for the process γλ1γλ2 → tσtσ
can be expressed as
M σσλ1λ2 = [Mφ]
σσ
λ1λ2
+ [Mt]
σσ
λ1λ2
, (2.1)
where the first term Mφ stands for the s-channel φ-exchange amplitudes and the latter term Mt stands for
the t- and u-channel top-quark-exchange amplitudes. The resonant helicity amplitudes are calculated by
using the lowest-dimensional effective Lagrangian of the form
Lφγγ =
1
mφ
(
bHγ AµνA
µν + bAγ A˜µνA
µν
)
φ. (2.2)
By considering the decay angular distribution of tt pairs, we can derive the convoluted four observables,
Σ1 to Σ4,
Σi(
√
sγγ) =
∫
d
√
sγγ
∑
λ1, λ2
(
1
L0.8
dLλ1λ2
d
√
sγγ
)(
3β
32pisγγ
∫
Siλ1λ2(Θ,
√
sγγ)d cosΘ
)
, (2.3)
for i = 1− 4,
where the functions Siλ1λ2 contain all the information about the γγ → tt helicity amplitudes:
S1λ1λ2 =
∣∣MRRλ1λ2 ∣∣2 , S2λ1λ2 = ∣∣MLLλ1λ2 ∣∣2 , (2.4)
S3λ1λ2 = 2Re
[
MRRλ1λ2
(
MLLλ1λ2
)
∗
]
, S4λ1λ2 = 2 Im
[
MRRλ1λ2
(
MLLλ1λ2
)
∗
]
.
Θ is the polar angle of the t momentum in the γγ CM frame, and the normalized luminosity distribution
for each γγ helicity combination is expressed by (1/L0.8)dL
λ1λ2/d
√
sγγ . In this report, the luminosity
distribution is derived by assuming
√
see = 500 GeV, x = 4.8, Pl = −1.0 and Pe = 0.9 [1].
3 Effects of the γγφ phase on the observables
We study the arg(bφγ) dependence of the four observables defined in the previous section. We first re-
parameterize the Jz = 0 amplitudes of eq. (2.1) as follows:
M σσλλ = [Mt]
σσ
λλ +
(√
sγγ
mφ
)3
rφ · i
[
1 + exp
(
2i tan−1
s2γγ −m2φ
mφΓφ
)]
, (3.1)
2
where rφ ∝ bφγ . In this expression, the phase of the Breit-Wigner resonance amplitude is shifted by the
phase of the rφ factor which is essentially the phase of the γγφ vertex factor b
φ
γ if we neglect the phase in the
ttφ vertex. We note here that the arg(bφγ) depend significantly on the model parameters. As an example,
we show in Table 1 the MSSM prediction for the real and imaginary parts of bφγ . Here, we calculate the A
and H masses and couplings for the MSSM parameters; mA = 400 GeV, tanβ = 3, mf˜ = 1 TeV, M2 = 500
GeV, µ = −500 GeV. Because the imaginary part of the φ → γγ amplitude is a sum of the contribution
from the φ decay modes into charged particles whereas the real part receives contribution from all the
charged particles, we expect that arg(bφγ) is a good probe of heavy charged particles.
Table 1: An example of the values bφγ .
bAγ × 10
4 bHγ × 10
4
total 14 + 12i 11 + 1.3i
t 15 + 12i 12 + 3.3i
b −0.19 + 0.15i 0.18− 0.15i
W 0.0 −1.0− 1.7i
χ˜−
1
−1.1 −1.2
χ˜
−
2
0.51 1.0
Fig. 1 shows plots of the amplitudes M σσλλ on the complex plane where the scattering angle Θ is fixed to
be zero as a sample. When we compare the arg(bAγ ) = 0 amplitudes (solid circles) and the arg(b
A
γ ) = pi/4
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Figure 1: The sγγ-dependence of the γγ → tt amplitudes M σσλλ at Θ = 0o. The amplitudes with A
production are shown in the left figure, whereas those for H production are shown in the right. The
cases of arg(bφγ) = 0 and pi/4 are denoted by the solid and dashed circles, respectively. The small arrows
indicate the direction of increasing sγγ and the solid and open small circles on the trajectories show the
sγγ = m
2
φ points. As sγγ grows the amplitudes make counterclockwise trajectories, and the magnitude of
the resonance amplitude hits its maximum at sγγ = m
2
φ.
amplitudes (dashed circles), we notice that the magnitudes of all the amplitudes are reduced for arg(bAγ ) > 0
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Figure 2: The observables Σ1 to Σ4 with no smearing by detector resolution. The solid, dashed, dot-dashed
and dotted curves are Σ1, Σ2,Σ3 and Σ4, respectively. The observables with A production are in the left
(right) figures whereas those with the H production are shown in the right. The upper and lower figures
show the case of arg(rφ) = 0 and pi/4, respectively.
because the imaginary parts of the resonant amplitudes are positive for arg(bAγ ) = 0. It is notable that at
sγγ = m
2
A (solid and open circles along the trajectries), the real part of the M
−λ,−λ
λλ amplitudes become
negative when arg(bAγ ) = pi/4. In case of the φ = H amplitudes shown in Fig. 1(b), the most notable feature
is that the magnitude of the M−λ,−λλλ amplitudes increases for arg(b
A
γ ) > 0 because the sign of the imaginary
part of the H resonant amplitude is negative for these amplitudes. On the other hand, the magnitudes of
the M λλλλ amplitudes decreases for arg(b
A
γ ) > 0 as in the case for the A production amplitudes.
We show in Fig. 2 the four observables Σ1 to Σ4 for the A production in the left, and for theH production
in the right-hand side. We find that the arg(bφγ) dependence of the four observables are significant enough
that the phase of the γγφ vertex function may be measured experimentally by a careful study of all the
observables.
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